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(57) ABSTRACT 

Provided herein is a device for use in an anastomosis of 

tissue(s) comprising a biocompatible material and a means 
of applying radiofrequency energy or electrical energy to 
generate heat Within said biocompatible material. The 
device also may be used to bond or fuse at tWo materials 

Where at least one of the material is a tissue. Also provided 

are methods to anastomose tissue or to bond or to fuse these 

materials using these devices. 
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METHOD AND DEVICE FOR ANASTOMOSES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This non-provisional applications claims bene?t of 
provisional U.S. Serial No. 60/380,817, ?led May 15, 2002, 
noW abandoned. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to the ?elds 
of biomedical engineering and surgery. More speci?cally, 
the present invention provides a device and methods for 
improving the ease With Which anatomic structures can be 
anastamosed. 

[0004] 2. Description of the Related Art 

[0005] There has been an effort recently to identify bio 
compatible molecules Which can be used as a “tissue sol 
der”. Biomolecules such as ?brin, elastin, albumin have 
been or are used to “glue” tissue-to-tissue. A number of 
patents describe the “activation” of these biomolecules to 
form “Welds” through irradiation, often in the form of laser 
radiant energy, but sometimes in the form of ultrasound or 
radiofrequency Waves. The applied energy is believed to 
denature the molecules, Which then adhere to one-another, or 
cross-link thereby effecting a union betWeen the tissues. 

[0006] Over the past ?fteen years, a signi?cant amount of 
scienti?c research has focused on using laser heated “solder” 
for “Welding” tissues such as blood vessels (1-2). Research 
has been done on laser tissue Welding With albumin solders 
Which are an improvement over conventional suture closure 
because it offers an immediate Watertight tissue closure, 
decreased operative time, especially in microsurgical or 
laparoscopic applications, reduced trauma, and elimination 
of foreign body reaction to sutures, collagen-based plugs 
and clips. The procedure has been enhanced With the use of 
advanced solders, strengthening structures, concurrent cool 
ing, and added groWth factors as disclosed, for example, in 
US. Pat. No. 6,221,068. 

[0007] Use of lasers for tissue Welding appeared very 
promising, hoWever, the techniques have certain limitations. 
The laser energy must be manually directed by the surgeon 
Which leads to operator variability. Additionally, the radiant 
energy is not dispersed evenly throughout the tissue. The 
high energy at the focal point may result in local burns and 
the heating effect drops off rapidly at a small distance from 
the focal point. Finally, lasers are expensive and currently 
cannot be miniaturiZed easily. 

[0008] Us. Pat. No. 5,669,934 describes a method for 
joining or restructuring tissue by providing a preformed ?lm 
or sheet of a collagen and/or gelatin material Which fuses to 
tissue upon the application of continuous inert gas beam 
radiofrequency energy. Similarly, U.S. Pat. No. 5,569,239 
describes laying doWn a layer of energy reactive adhesive 
material along the incision and closing the incision by 
applying energy, either optical or radiofrequency energy, to 
the adhesive and surrounding tissue. Further US. Pat. No. 
5,209,776 and US. Pat. No. 5,292,362 describe a tissue 
adhesive that is intended for use principally in conjunction 
With laser radiant energy to Weld severed tissues and/or 
prosthetic material together. 
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[0009] US. Pat. No. 6,110,212 describes the use of elastin 
and elastin-based materials Which are biocompatible and can 
be used to effect anastomoses and tissue structure sealing 
upon the application of laser radiant energy. Both US. 
Patent Application No. 20020045732 and Us. Pat. No. 
6,221,335 teach joining living tissues by using laser radiant 
energy to heat a “solder” consisting of protein, Water and a 
compound Which absorbs the laser radiant energy, preferably 
indocyanine green. This solder is optionally in the form of 
a tubular structure Which can more easily be applied When 
vascular anastomoses are required. The stated bene?ts, inter 
alia, are the biocompatible and ubiquitous nature of elastin. 

[0010] US. Pat. No. 6,302,898 describes a device to 
deliver a sealant and energy to effect tissue closure. It also 
discloses pre-treating the tissue With energy in order to make 
the subsequently applied sealant adhere better. PCT Publi 
cation WO 99/65536 describes tissue repair by pre-treating 
the substantially solid biomolecular solder prior to use. US. 
Pat. No. 5,713,891 discloses the addition of bioactive com 
pounds to the tissue solder in order to enhance the Weld 
strength or to reduce post-procedure hemorrhage. 

[0011] US. Pat. No. 6,221,068 discloses the importance of 
minimiZing thermal damage to the tissue to be Welded. The 
method employs pulsed laser irradiation folloWed by cooling 
the tissue to nearly the initial temperature betWeen each 
heating cycle. U.S. Pat. No. 6,323,037 describes the addition 
of an “energy converter” to the solder miXture such that 
optical energy Will be ef?ciently and preferentially absorbed 
by the solder Which subsequently effects a tissue Weld. 

[0012] Common problems eXist throughout the prior art. 
These include tissue damage due to uneven heating, 
unknoWn and/or uncontrollable thermal history, i.e., time 
temperature pro?le, and relatively high cost. It is notable 
that a consistent means of treatment and control are desir 

able. The Code of Federal Regulations, 21 CFR 860.7(e)(1), 
establishes that there is “reasonable assurance that a device 
is effective When it can be determined, based upon valid 
scienti?c evidence, that in a signi?cant portion of the target 
population, the use of the device Will provide clinically 
signi?cant results.” Devices that cannot be shoWn to provide 
consistent results betWeen patients, or even Within a patient 
upon multiple use, Will have minimal utility and may not be 
approved, if approved, for broad use. Beyond devices, it is 
generally desirable to develop medical products With critical 
controls that can deliver precise results. 

[0013] Inductive heating (3) is a non-contact process 
Whereby electrical currents are induced in electrically con 
ductive materials (susceptors) by a time-varying magnetic 
?eld. Generally, induction heating is an industrial process 
often used to Weld, harden or braZe metal-containing parts in 
manufacturing Where control over the heating process and 
minimiZed contact With the Workpiece are critical. 

[0014] Basically, radiofrequency poWer is coupled to a 
conducting element, such as a coil of Wire, Which serves to 
set up a magnetic ?eld of a particular magnitude and spatial 
eXtent. The induced currents or Eddy currents How in the 
conductive materials in a layer referred to as the skin depth 
6 (m), given by: 

[0015] Where Q is frequency (rads/s), p is resistivity 
(ohm-m) and p is the permeability (Webers/amp/m) Which is 
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the product of go the permeability of free space and yr the 
relative permeability of the material. 

[0016] The magnetic permeability of a material is quan 
ti?cation of the degree to Which it can concentrate magnetic 
?eld lines. Note, however, that the permeability is not 
constant in ferromagnetic substances like iron, but depends 
on the magentic ?ux and temperature. The skin depth at 
room temperature at 1 MHZ electromagnetic radiation in 
copper is 0.066 mm and in 99.9% iron is 0.016 mm. 

[0017] The consequence of current ?oWing is Joule, or 
I2R, heating. The skin-depth formula leads to the conclusion 
that, With increased frequency, the skin depth becomes 
smaller. Thus, higher frequencies favor ef?cient and uniform 
heating of smaller components. In certain situations local 
iZed heat can also be generated through hysteresis losses or 
frictional heating, referred to as dielectric hysteresis heating 
in non-conductors, as the susceptor moves against physical 
resistance in the surrounding material. Consideration of 
Joule heating alone results in a formula for the poWer 
density P (W/cm3) in the inductively-heated material: 

P=4T'1H2#0W1M 
[0018] Where H is the root-mean-square magnetic ?eld 
intensity (A/m), f is frequency (HZ), M is a poWer density 
transmission factor (unitless) Which depends on the physical 
shape of the heated material and skin depth and diameter of 
the part to be heated (4-5). 

[0019] M, Which is equal to the product of F and d/d Where 
F is a transmission factor and d is the diameter of the part, 
can be shoWn to be maximally about 0.2 When the object 
diameter is 3.5 times the skin depth and When certain other 
assumptions are made. Thus, for a given frequency there is 
a diameter for Which the poWer density is a maximum; or 
equivalent, there is a maximum frequency for heating a part 
of a certain diameter beloW Which heating ef?ciency drops 
dramatically and above Which little or no improvement of 
heating efficiency occurs. It can also be shoWn that the 
poWer density of inductively heated spheres is much higher 
than solid spheres of the same material. 

[0020] There are only a feW examples of the use of 
inductive heating in the medical literature. The oldest 
example of use of therapeutic inductive heating is in hyper 
thermia of cancer, Whereby large metallic “seeds” are induc 
tively heated using a coil external to the body Smaller 
seeds Were used Where small biocompatible dextran mag 
netite particles in magnetic ?uid Was used to treat mouse 
mammary carcinoma by hyperthermia US. Patent 
Application Ser. No. 2002/0183829 describes inductively 
heating stents made of alloys With a high magnetic perme 
ability and loW curie temperature for the purpose of destroy 
ing smooth muscle cells in restenosing blood vessels. A 
more recent report described the diagnostic use of induction 
heating to heat nanocrystals coupled to DNA in order to 

locally denature DNA for the purpose of hydridiZation The literature is de?cient in descriptions Whereby biomol 

ecules are heated through induction. US. Pat. No. 6,348,679 
discloses compositions used in bonding tWo or more con 
ventional materials Where the interposed composition con 
sists of a carrier and a susceptor, Which may be at least in 
part composed of certain proteins. HoWever the applications 
apply to conventional substrates such as ?lms or Wood. 

[0021] The inventors have recogniZed an increased need in 
the art for a precision device and improved methods of 
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joining tubular, planar or irregular-surfaced tissues to other 
tissue structures or to dressings. Further, the prior art is 
de?cient in devices and methods for minimally-invasive 
methods that use electromagnetic energy to controllably 
alter a biocompatible structure thereby making it adhere to 
tissue through molecular alterations and/or mechanical 
shrinkage. The present invention ful?lls this longstanding 
need and desire in the art. 

SUMMARY OF THE INVENTION 

[0022] The present invention is directed to a device for use 
in an anastomosis of tissue(s) comprising a biocompatible 
material and a means of applying radiofrequency energy or 
electrical energy to generate heat Within the biocompatible 
material. 

[0023] The present invention also is directed to a device 
for bonding at least tWo materials, Whereby at least one 
material is a tissue. The device comprises a biocompatible 
material, a means of applying radiofrequency energy or 
electrical energy to generate heat Within the biocompatible 
material and a means of controlling output of the heat 
generated Within the biocompatible material conducted to 
the materials to be bonded or fused. 

[0024] The present invention is directed further to meth 
ods of anastomosis of at least one tissue or to methods of 
bonding or fusing at least tWo materials at least one of Which 
is a tissue using the devices described herein. 

[0025] Other and further aspects, features, and advantages 
of the present invention Will be apparent from the folloWing 
description of the presently preferred embodiments of the 
invention given for the purpose of disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] So that the matter in Which the above-recited 
features, advantages and objects of the invention, as Well as 
others that Will become clear, are attained and can be 
understood in detail, more particular descriptions of the 
invention brie?y summariZed above may be had by refer 
ence to certain embodiments thereof that are illustrated in 
the appended draWings. These draWings form a part of the 
speci?cation. It is to be noted, hoWever, that the appended 
draWings illustrate preferred embodiments of the invention 
and therefore are not to be considered limiting in their scope. 

[0027] FIG. 1 depicts one embodiment of the device, 
essentially tubular in shape, used for vascular or tubular 
structure anastomoses. 

[0028] FIG. 2 depicts a conductive element positioned 
Within the tubular device of FIG. 1. 

[0029] FIGS. 3A and 3B depict different placement 
geometries of the conductive heating elements Within the 
material of tubular device of FIG. 2. 

[0030] FIG. 4 depicts an inhomogeneous mixture of elec 
tric or magnetic ?eld absorbing elements mixed Within the 
material Which makes up the tubular device. 

[0031] FIG. 5 depicts cross-sectional vieW A-A of the 
device of FIG. 2 positioned betWeen tWo separate ends of a 
blood vessel Which are to be anastomosed. 

[0032] FIG. 6A depicts the device of FIG. 2 having a 
second part containing embedded conductors. FIG. 6B 
depicts the device emplaced around a site of anastomosis. 
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[0033] FIG. 7 depicts a solenoid-type coil applicator 
carrying an electrical current and the resultant magnetic ?eld 
lines. 

[0034] FIGS. SA-SC depict three differently shaped ?at 
pancake coils. 

[0035] FIGS. 9A-9B depict a pancake coil With a non 
planar geometry (FIG. 9A) and a conical spiral coil geom 
etry (FIG. 9B). FIG. 9C depicts an applicator coil suitable 
for use Within tubular structures such as blood vessels. 

[0036] FIG. 10A depicts a device that can be used to 
provide an internal alternating magnetic ?eld that is used to 
inductively heat a biocompatible fusion material. FIG. 10B 
depicts the positioning of the device around tissues to be 
anastomosed. 

[0037] FIG. 11 depicts a coil applicator that can be split 
thus alloWing positioning of tissue in the interior of the coil. 

[0038] FIG. 12 depicts an ovine blood vessel anastomosed 
With an activator, applicator, and fusion composition. 

[0039] FIG. 13 depicts a histologic section through a 
blood vessel anastomosed via the tissue fusion device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] In one embodiment of the present invention there is 
provided a device for use in an anastomosis of tissue(s) 
comprising a biocompatible material and a means of apply 
ing radiofrequency energy or electrical energy to generate 
heat Within the biocompatible material. In all aspects of this 
embodiment the biocompatible material may conform to the 
tissue geometry. The biocompatible material may be a 
liquid, a solid or a semi-solid. Further, in all aspects the 
device may be used endoscopically. 

[0041] In this embodiment the biocompatible material 
may comprise a protein, a biocompatible polymer, poly 
meric matrix substance, or a combination thereof. Examples 
of a protein is elastin, albumin, ?brin, collagen, or glyco 
protein. Representative examples of a polymeric substance 
is hydrogel, agar or sol-gel. Furthermore the biocompatible 
material may comprise a pharmaceutical. The pharmaceuti 
cal may be an anti-coagulant, an antithrombotic, an antibi 
otic, a hormone, a steroidal antiin?ammatory agent, a non 
steroidal antiin?ammatory agent, an anti-viral agent or an 
anti-fungal agent. 

[0042] In one aspect of this embodiment the means to 
apply electrical energy to the biocompatible material com 
prises at least one electrode in electrical contact With the 
biocompatible material. In a related aspect the means to 
apply radiofrequency energy to the biocompatible material 
comprises at least one induction coil proximate to the device 
Where the induction coil(s) generates an oscillating magnetic 
?eld around the device. The induction coil(s) may further 
comprise a cooling means having a cooling ?uid and a 
containment means for the cooling ?uid. Examples of a 
cooling ?uid are loW viscosity mineral oil or Water. The 
containment means may be a glass envelope containing the 
cooling ?uid and the induction coil(s) or may be copper 
tubing containing the cooling ?uid. Further to this aspect the 
induction coils may comprise a coating of a smooth non 
adhering material. Examples of a non-adhering material are 
te?on, titanium or gold. 
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[0043] In a related aspect the device may further comprise 
a clamp-like instrument having tWo arms pivotally con 
nected at the center for scissors-like action. The ?rst ends of 
the arms are attached to the induction coils. The second ends 
of the arms function as a handle With Which to manipulate 
and position the induction coils proximate to the device. 

[0044] In another aspect of this embodiment the device 
comprises a means of controlling output of the heat gener 
ated Within the biocompatible material conducted to the 
tissues. The heat control means comprises a conductive 
material in contact With the biocompatible material. The 
conductive material has a thermal history such that appli 
cation of radiofrequency energy or electrical energy to the 
conductive material generates an estimable amount of heat. 
The conductive material may be a metal Wire, a metal 
particle, a ferromagnetic material, a paramagnetic material, 
a conducting polymer, an ionic molecule, a polar molecule 
or a conducting microsphere. Additionally, the conductive 
material may be an energy-absorbing material, said energy 
absorbing material comprising conducting polystyrene 
microbeads, a colloidal metal, a conducting polymer, a 
strongly ionic molecule or a strongly polar molecule. 

[0045] In another embodiment of the present invention 
there is provided a method for performing an anastomosis 
betWeen at least tWo tissues comprising the steps of posi 
tioning the device described supra around the tissues such 
that the tissues simultaneously contact the biocompatible 
material of the device and each other, applying radiofre 
quency energy or electrical energy to the biocompatible 
material and generating heat Within the biocompatible mate 
rial and the tissues Whereby the heating adheres the bio 
compatible material to the tissues or adheres the tissues to 
each other thereby anastomosing the tissues. In this embodi 
ment adherence of the biocompatible material to the tissues 
or of adherence of the tissues results from molecular 
changes in the biocompatible material and said tissues. The 
features of the device, e.g., biocompatible materials, energy 
sources, induction coils, cooling means, heat output control 
means, conductive elements, or pharmaceuticals, are as 
described supra. 

[0046] In yet another embodiment of the present invention 
there is provided a device for bonding or fusing at least tWo 
materials, Whereby at least one material is tissue, comprising 
a biocompatible material, a means of applying radiofre 
quency energy or electrical energy to generate heat Within 
the biocompatible material and a means of controlling 
output of the heat generated Within the biocompatible mate 
rial conducted to the materials to be bonded or to be fused. 
In all aspects of this embodiment the features of the device, 
e.g., biocompatible materials, energy sources, induction 
coils, cooling means, heat output control means, conductive 
elements, or pharmaceuticals, are as described supra. 

[0047] In still another embodiment of the present inven 
tion there is provided a method for bonding or fusing tWo 
materials, Whereby at least one is tissue, comprising the 
steps of positioning the device described supra around the 
materials Whereby the materials simultaneously contact the 
biocompatible material of the device and each other, apply 
ing radiofrequency energy or electrical energy to the bio 
compatible material, generating heat Within the biocompat 
ible material; and controlling output of the heat to the 
materials to be bonded or to be fused via the heat controlling 
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means of the device such that the output of heat bonds the 
biocompatible material to the materials to be bonded or 
fuses the materials together. In this embodiment bonding of 
the biocompatible material to the materials or fusing the 
materials together results from molecular changes in the 
biocompatible material and in the materials. Again the 
features of the device, e.g., biocompatible materials, energy 
sources, induction coils, cooling means, heat output control 
means, conductive elements, or pharmaceuticals, are as 
described supra. 

[0048] Provided herein are methods for inductively heat 
ing non-conventional substrates, i.e. biological materials, in 
order to cause conformational changes that result in unique 
properties With regard to tissues. In particular, methods, 
devices and compositions are disclosed Whereby the prin 
ciples of induction heating are applied to heat biological 
materials and cause them to join to one another or to 
non-biological materials. Particularly, upon inductive heat 
ing, proteins, and possibly other biomolecules, present in the 
tissues take part in a fusion process that alloWs tissues to 
adhere to one another. The fusion process may involve the 
addition of adhesives betWeen the tissues that could include 
susceptors that assist the process of inductive coupling. 

[0049] Generally, the present invention relates to a device 
and method for heating a liquid, solid or semi-solid com 
position to be utiliZed in the human body for bonding tissues 
or ?lling defects in tissues. The device comprises a source of 
radiofrequency (RF) energy coupled to an applicator, Which 
then produces an oscillating magnetic ?eld, and the com 
position Which inductively couples With the magnetic ?eld 
resulting in the transient production of heat substantially 
Within the composition. The consequences of heat are 
molecular changes in the composition resulting in fusion 
With the adjacent tissue. The adjacent tissue also may take 
part in the fusion process by being altered by the transient 
presence of heat. 

[0050] In the present invention inductive coupling most 
simply results in heating, via magnetiZation, particles or 
other ionic species, either having non-Zero conductivity and 
magnetic permeability, impregnated in a biocompatible 
fusion composition or adhesive. The composition may be 
comprised largely of a protein, e.g., serum albumin, With the 
addition of a metal such as 300 mesh nickel ?akes. The 
induced electrical currents produced in the particles results 
in heat Which then conducts into the area immediately 
surrounding the metal, resulting in a “melting” of the 
adhesive and perhaps the adj acent tissue. Less than a second 
later, When the adhesive cools, it forms a bond With the 
tissue. 

[0051] The adhesion effect may be a consequence of the 
proteins in the fusion formulation bonding, perhaps by 
crosslinking, With other molecules in the protein formulation 
as they cool, as Well as the proteins in the adhered tissue. 
This may be considered as a “bridge” betWeen the molecules 
and a “scaffold” betWeen the tissues. The endogenous pro 
teins in the tissue also may have been denatured and 
coagulated due to nearby heat production Which may be 
critical to the adhesion strength. 

[0052] It is contemplated that in tissue the temperatures 
needed to achieve a bond range from about 45-85° C. and 
that the heating times are very short since protein denatur 
ation is essentially instantaneous once a critical temperature 
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is achieved. Thus, the poWers required for the present device 
and method are far less than those used in commercially 
available industrial induction-heating devices Which are 
used for Welding metals and plastics. Accordingly, the 
present invention can be produced for a fraction of the cost 
of commercial devices. 

[0053] The source of RF energy provides electrical energy 
to a probe Which comprises an electrically conducting 
material, such as copper, Wound in the shape of a solenoid 
or coil. Other probe shapes may prove more suitable for 
particular applications. The conducting material may be 
holloW or may be solid. The probe may be cooled. If the 
conducting material comprising the probe is holloW, a cool 
ing ?uid can be circulated Within its lumen. The solid probe 
material may be positioned Within a liquid-tight envelope 
such that coolant, preferably one of loW electrical permitiv 
ity, e.g. mineral oil, can be circulated around it to keep it 
from overheating. 

[0054] The conducting material comprising the probe sets 
up an oscillating magnetic ?eld Which inductively couples to 
a conductive material in the biocompatible composition 
When the material is positioned Within the magnetic ?eld. 
Through physical movement of the conducting material 
and/or the establishing of eddy currents Within the conduct 
ing material or the tissue and/or composition and/or hyster 
esis losses, heat is produced. The heat diffuses into the 
surrounding composition and tissue thereby causing protein 
denaturation and alteration of surrounding biomolecules, 
e.g. lipid melting. This heating results in conformational 
changes in the molecules Which effect adherence in the 
tissues. In a simple case, depending on the protein, dena 
turation may result in links With adjacent molecules thus 
effecting the bond. 

[0055] Thus, the present invention provides a tissue-fu 
sion-device (TFD). The TFD operates by electromagneti 
cally heating the biocompatible fusion compositions to 
create tissue bonds. The TFD comprises a fusion composi 
tion, an applicator and an activator. 

[0056] Fusion Composition 

[0057] The materials that comprise the fusion composition 
must be biocompatible, able to be inductively heated and 
able to produce a fusion in biomaterials. The fusion com 
position may comprise a biocompatible polymer, a protein 
such as albumin, elastin and/or collagen or polysaccharides, 
e.g. cellulose, starch, chitosan, alginate, emulsan, or pectin. 
Examples of biodegradable polymers are polylactide (PLA), 
polyglycolide (PGA), lactide-glycolide copolymers (PLG), 
polycaprolactone, lactide-caprolactone copolymers, polyhy 
droxybutyrate, polyalkylcyanoacrylates, polyanhydrides, 
and polyorthoesters. Examples of biocompatible polymers 
are acrylate polymers and copolymers such as methyl meth 
acrylate, methacrylic acid, hydroxyalkyl acrylates and meth 
acrylates, ethylene glycol dimethacrylate, acrylamide, 
bisacrylamide or cellulose-based polymers, ethylene glycol 
polymers and copolymers, oxyethylene and oxypropylene 
polymers, poly(vinyl alcohol), polyvinylacetate, polyvi 
nylpyrrolidone and polyvinylpyridine. Optionally, protein 
primers, Which are substances that exhibit groups that can 
crosslink upon the application of heat, can be added. 

[0058] Proteins are particularly attractive in tissue bond 
ing applications in that they typically denature at tempera 



US 2003/0236518 A1 

tures less than 100° C. Denaturation can lead to cross 
linking With other molecules, particularly proteins, in the 
immediate environment While the proteins are still in the 
denatured state, or upon their renaturation. Additional mate 
rials added to the composition formulations may result in 
greater ?exibility and tensile strength as Well as optimum 
treatment times and temperatures. The formulations utiliZe 
commonly occurring tissue and proteins, such as albumin, 
collagen, elastin, but may also contain silk, lignin, dextran, 
or may contain soy-derivatives, poly-glutamic acid, com 
bined With additives such as polyethylene glycol or hydrogel 
to improve the rheologic nature of the adhesive. 

[0059] Optionally, hyaluronic acid can be added to the 
composition to enhance the mechanical strength of adhe 
sives, such as is sometimes done in laser tissue Welding, or 
pre-denaturation may take place before application of the 
composition at the treatment site. Other materials, such as 
?brinogen or chitin or chitosan, may be added to the 
composition to provide hemostasis and/or some degree of 
immediate adhesion. Materials such as calcium phosphate or 
polymethylmethacrylate, also can be used, most bene?cially 
When boney material is the tissue to be treated. 

[0060] Additionally, pharmaceuticals, e.g., an anti-coagu 
lant, an antithrombotic, an antibiotic, a hormone, a steroidal 
antiin?ammatory agent, a non-steroidal anti-in?ammatory 
agent, an anti-viral agent or an anti-fungal agent, may be 
bene?cially added to the composition in order to provide 
some desirable pharmacologic event. 

[0061] Optionally, destabiliZing/stabiliZing agents, eg 
alcohol, can be added as they have been shoWn to alter the 
denaturation temperature. For example, an increase in the 
concentraion of NaCl, referred to as “salting-in” proteins, 
can increase the denaturation temperature of globulin, While 
an increase in the concentraion of NaClO4, or “salting-out”, 
reduces the denaturation temperature When proteins are 
exposed to either liquid-air or liquid-liquid interfaces, dena 
turation can occur because the protein comes into contact 
With a hydrophobic environment. If alloWed to remain at this 
interface for a period of time, proteins tend to unfold and to 
position hydrophobic groups in the hydrophobic layer While 
maintaining as much charge as possible in the aqueous layer. 
Thus, by ultrasonically adding bubbles, e.g., of gas, to the 
composition Will serve to loWer the denaturation point of the 
mixture. 

[0062] The conductive materials that can be inductively 
heated are added to the composition in amounts typically no 
more than 10% by Weight, although other concentrations can 
be used, but not limited to 01-25%. The material may 
include salts or other ionic species, or metals of variable 
siZe. For example, nanometer siZed particles to macroscopic 
siZed particles up to 1 mm in siZe can serve as effective 
susceptors. Alternatively, the conductive material may take 
of the form of a ?ne conductive lattice or mesh, such as 
available from Alfa Aesar Inc (Ward Hill, Mass.). 

[0063] Examples of conductive materials that may be 
useful by themselves or in alloys are, although not limited to, 
tantalum, niobium, Zirconium, titanium, and platinum Which 
are some of the most biocompatible elements. Additional 
conductive materials may be phynox, Which is an alloy of 
cobalt, chromium, iron, nickel, molybdenum, palladium/ 
cobalt alloy, magnetite, nitinol, nitinol-titanium alloy, tita 
nium, Which optionally may be alloyed With aluminum and 

Dec. 25, 2003 

vanadium at 6% Al and 4% V, tantalum, Zirconium, alumi 
num oxide, nitonol Which is a shape memory alloy, cobalt, 
Which optionally may be alloyed With chromium, molybde 
num and nickel, or, optionally, 96% Co/28% Cr/6% Mo 
alloy, iron, nickel, gold, palladium, and stainless steel, e.g., 
biocompatible type 316L. The conductive materials may 
take the shape of a mesh, ?bers, macroscopic and solid 
materials, ?akes or poWder. The conductive materials may 
be anodiZed and may further be encapsulated in materials 
such as liposomes, compounds such as calcium phosphate, 
polystyrene microspheres, pharmaceuticals, hydrogels, or 
te?on. These encapsulating materials may minimiZe the 
chance of an immune response to the conductor, may induct 
a desirable pharmacologic event, or may enhance the induc 
tive coupling to the activating magnetic ?eld. 

[0064] The rheology of the fusion composition can be 
important. For example, producing the composition in a 
loW-viscosity liquid form Would alloW injection through a 
cylindrical pathWay such as a trochar or Working-channel of 
an endoscope. A higher viscosity material can be applied to 
a tissue and Will stay in place prior to activation. A solid 
formulation could be shaped, for example, as a tube, Which 
could be them be positioned in a tubular anatomical structur, 
e.g. blood vessel or ureter, thus providing mechanical sup 
port prior to activation. 

[0065] Other shapes may be more appropriate for different 
procedures. For example, a ?at-sheet of composition Would 
be suitable for sealing a large area of skin or soft-tissue, 
While a solid cylinder could be most appropriate for place 
ment in the cavity left behind after a cannula is extracted. A 
porous structure of the fusion formulation might be bene? 
cial for the subsequent in-groWth of cells. It is conceivable 
that the conductive material itself, When distributed through 
out the treatment area, Would employ the endogenous pro 
teins in production adhesion thus precluding the use of an 
external protein in the formulation. 

[0066] Cross-linked polymers are quite insoluble, but they 
can be sWollen to different degrees depending on their 
cross-linking. SWelling can be initiated by changes in tem 
perature, pH, solvent type, ionic strength, light intensity, 
pressure, and electromagnetic ?elds. Hydrogels can be made 
biologically inert or biodegradable and are easily deriva 
tiZed, particularly With enZymes. They can be grafted or 
bonded onto other materials, even living tissue. 

[0067] The equilibrium sWelling degree or sorption capac 
ity, i.e., sWollen volume/dry volume, is one de?ning prop 
erty of a hydrogel. Depending upon the formulation, the 
sWelling degree can be Widely varied as can the sorption 
rate, Which is roughly proportional to the equilibrium sWell 
ing degree. Permeability to Water, drugs, proteins, and other 
biomolecules can be varied over Wide ranges depending 
upon the sWelling degree or Water content. Hydrogels may 
be a useful optional addition to the fusion formulation as 
they give it different thermal and mechanical properties and 
also alloW for the incorporation of a pharmaceutical Which 
can ultimately diffuse out of the fusion composition. 

[0068] The biocompatible fusion composition may option 
ally have different additives depending on the material to 
Which adhesion is required. For example, the material used 
in a vascular graft is typically manufactured from polytet 
ra?uoroethylene (PTFE). The fusion composition could be 
prepared to preferentially adhere to PTFE. In one example, 














